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(54) Ink jet recording apparatus 



(57) In an ink jet recording apparatus having two 

head units (232, 233), each having a large number of 
ink nozzles arranged in a line, assembled so that they 
overlap with each other, an 8-shade image signal is 
entered into a correction circuit (41) and a line 
direction position signal is input into a position 
signal decision circuit (42). When the position signal 
decision circuit (42) decides that the position signal 
represents the overlapping zone of the head units, the . 
shade level of the image signal is divided between the 
head units (232, 233). For example, when the shade 
I vel of the image signal is 7, one of the head units 
is allotted the shade level (6) and the other is 
allotted the shade level (1). The overlapping nozzles 



in a pair eject droplets of ink to form one dot. 
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D scripti on 



[00011 The present invention relates to an ink jet recording apparatus which uses an ink jet head I having a 
number of ink nozzles arranged and drives the ink jet head via an .mage signal to cause selectively the mk nozzles 

iSS d ^?nf^XTpJS^ an on-demand ink jet printer. With such a type of ink je, printer it 
KirtantTo incase the speed of operation. The more ink nozzles in the ink jet head, the faster we can make 
1$^££^£*bZ* the number of ink nozzles is forming a long ink jet head by ^^-^1^ 
Dluralrtv of head units each having a large number of ink nozzles arranged in a line with the arrangement of the ink 
noSes in elch head unit substantially parallel with that in every other head unit. A line head, is formed by making 
the head length equal to the width of recording paper, permitting fast printing. u , „ f 

loOoS The head unit is composed, as shown- in FIG. 29, of a nozzle section 2 provided with a large number of 
nk chambers 1 7 body section provided with a common ink chamber 3 for supplying mk to each .nk chamber 1 
Lnd an ^k supply pipe 5 for supplying ink to the common ink chamber 3. Causing a volume change to occur n each 
fnk chamLr TaLwfa droplet of ink to be ejected from a corresponding, one of ink nozzles 6. thereby making dot 
printing The vacant ink chamber 1 is replenished with ink by the common ink chamber 3 

ro0041 Systems for causing a volume change to occur in the ink chambers 1 include piezoelectric contro 
systems that make use of deformation of piezoelectric members and heat control systems that make use of heat 
geSed by Xing elements. The use of such control- systems to cause a volume change to occur m each mk 
chamber in an arbitrary fashion allows printing on demand. .... t ^ , 

r00051 At the time of ink ejection, the volume change in an ink chamber 1 is also transferred to the common ink 
chamber 3 in the form of a change in pressure. As a result, ink chambers 1 situated at the head ends wil be greatly 
Sected by the common ink chamber 3 when a number of ink chambers eject ink, so that the volume of ink ejected 
from a certain number of ink chambers situated near and at the head ends increases 

[00061 in the case of an ink jet head consisting of a single head unit, even if the volume of mk ejected Ifrom 
a certain number of ink chambers at the end portions of the head changes and consequently there .s some change 
^ Drint mo density the resulting irregularities in density is difficult to notice because the change in printing 
densTv occurs a the ends of a line of printing. In contrast, in the case of an ink jet head m which a plurality 
of head unrts are arranged in the direction of their length, the ends of head units adjacent to each other are 
Seated midway on a line of printing. The irregularities in the density in those portions will appear noticeably m 

r0007i m ° f FoTexample as shown in FIG. 30. when an ink jet head in which head units 7 and 8 are arranged in the 
Son of in non-overlapping fashion is driven by an image signal at a fbced .evel. the ^volume o 

projected from ink nozzles 7a and 8a in the boundary portion between the head unrts mcreasesresu 'ng 'n a sharp 
increasVin printing density from dO to d1. This produces noticeable irregularrt.es m pr.nt.ng density in the form 

rOOOST It is an object of the present invention to provide an ink jet recording apparatus using an ink jet head 
LsseSbly construcled from a plurality of head units arranged.such that every two adjacent head unrts overlap wrth 
elch other^hch allows irregularities in printing density resulting from var.at.ons in the volume of ejected ink 
from endlng^nk nozzles of each head unit to be reduced and^ irregularities in prmt.ng densrty m line form 
xtending in the direction in which a recording medium moves to be reduced. ' mmnrteinn . an ink 

r00091 According to the present invention, there is provided an ink jet recording apparatus comprising, an mk 
iet head formfd from a pluraHty of head units each having a large number of ink nozzles arranged in a l.ne the 
Sad Tunas b™ g Pranged such that they are substantially parallel to one another ,n the > direc 'on °f arrangement 
of their ink nozzles and, in the direction in which a recording medium moves, every ^J^**»*$^&^ 
with each other by a number Q of ink nozzles including a number p ( Q > p m -,) of ending ink nozzles tnat may 
cause a change in printing density; and drive means responsive to an input image signalj for *^ * k 
to cause selectively the ink nozzles to eject ink onto the recording medium for printing while moving Jhe recording 
meS Tir^ d recton perpendicular to the line direction in which the ink nozzles of the respective head unrts are 
a^anjed the driving means controlling the ink jet head so that one dot is formed by mk eject.on from each ink 
S of one head unit in the overlapping zone of the adjacent head units and the. corresponding one ojtl^crther 
head unit and the ratio in the amount of ejected ink of one to the other of overlapping ink nozzles is made variable 
so that the average printing density in the overlapping zone of the. head.units vanes at a fixed rate. • 
ro010] Thus the present invention allows an ink jet head assembly constructed from a , plurality °J head un. s 
arranged in the direction of their length to reduce irregularities m pr.nt.ng density resulting fr°^ a ^'°"\'" 
fhe voTume of ejected ink from ending ink nozzles of each head unit. In addition, .rregulant.es „n prmbn density 
in line form extending in the direction in which a recording med.um moves can be reduced, thereby further 

SEtf" 8 1 ^rsumrlrToHhe invention does not necessarily describe a«. necessary features so that the invention 

towing detailed description when taken in 

conjunction with the accompanying drawings, in which: 

FIG. 1 shows a configuration of an ink jet recording apparatus in accordance with a first embodiment of the 
pr sent invention; 
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FIG. 2 is a perspective view of an ink jet head assembly used in the first embodiment; 

-FIG. 3 shows a positional relationship among ink nozzles of head units of the ink jet h ad in the first 
embodiment; 

FIG. 4 shows the paper feed direction with respect to the ink jet head; .* 

FIG. 5 shows the arrangement of ink nozzles in the overlapping zone of the head units; 

FIG. 6 shows volume of ejected ink versus power application time; 

FIG. 7 shows an example of an input image signal in the first embodiment; ' ■ • 

FIG. 8 shows essential circuit components in the first embodiment; 

FIG.. 9 shows the arrangement of the correction circuit of FIG. 8; 

FIG. 10 shows the contents of the lookup table in the correction circuit of FIG. 9; 

FIG. 11 shows variations in printing density in the ink nozzle overlapping zone of the head units; 

FIGS. 12A and 12B show the arrangement of ink nozzles of the overlapping head units and shade levels printed 
by the respective ink nozzles after correction; - ■ 

FIG. .13 shows essential circuit components in a first embodiment of the second embodiment; 

FIG. .14 shows the arrangement of the correction circuit of, FIG. 13; 

FIGS. 15A, 15B and 15C show the contents of tables in the lookup table of FIG. 14; 

FIGS. 16A and 16B show the arrangement of ink nozzles of the overlapping head units and shade levels printed 
by the respective ink nozzles after correction in the second embodiment; 

FIG. 17 shows the arrangement of ink nozzles in the overlapping zone of the head units in accordance with a 
third embodiment of the present invention; v 

FIG. 18 shows essential circuit components in the third embodiment; 

FIG. 19 shows the arrangement of the correction circuit of FIG. 18; ' . *-".... 

FIG. 20 shows the contents of the lookup table in the correction circuit of FIG. 19; \ 

FIG.. 21 shows variations in printing density, in the ink nozzle overlapping zone of the 'head, units in the third 
.embodiment; ' . ■ " . ■ ■ , .- , 

FIGS..22A and 22B show the arrangement of ink nozzles of the overlapping head units and shade levels printed 
by the respective ink. nozzles after correction in the third embodiment; 

FIG. 23 shows the arrangement of ink nozzles in the overlapping zone of the head units in accordance with a 
fourth embodiment of the present invention; 

' FIG. 24~shows : essential circuit components in the fourth embodiment; 
FIG. 25 shows the arrangement of the correction circuit of FIG. 24; 

FIGS. 26A, 26B and 26C show the contents of tables making up the lookup table in the correction circuit of FIG. 
25;' ' , ; 

FIGS. 27A, 27B and 27C show variations in printing density in the ink nozzle overlapping zone of the head 
units; . 

FIGS. 28A and 28B show the arrangement of ink nozzles of the overlapping head units and shade levels printed 
by the respective ink nozzles after correction; 

FIG. 29 is a cross-sectional view of an ink jet head unit; and 
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FIG. 30 is a diagram for use in explanation of problems associated with a conventional technique. 

[0013] The preferred embodiments of the present invention will be described in detail with reference to the 
accompanying drawings. 

(First Embodiment] 

TO0141 In FIG 1 there is illustrated the configuration of the entire ink jet recording apparatus, in which a 
drum 12 is provided in a container 11 that rotates at a fixed circumferential speed in a direction indicated by an 
arrow to take up recording paper 15 fed through rollers 13 and 14. 

100151 A paper feed cassette 16 is provided at the bottom of the container 11. Sheets of recording paper are 
placed on a plate 17 of the cassette and fed, one at a time, to the rollers 13 and 14 by a roller 18. In addition a 
sheet of recording paper manually supplied from a manual feed tray 19 removably mounted to the side of the 
container 11 is fed to the rollers 13 and 14 by a roller 20. The switching between paper feeding by the roller 18 and 
paper feeding by the roller 20 is made by feed switching means 21. 

r0016l An electrification roller 22 is positioned to be opposed to the drum 15, which allows the recording 
oaoer 15 fed by the rollers 13 and 14 to be attracted to the drum surface. A printing mechanism 24 is placed 
opposed to the drum 12, which is equipped with an ink jet recording head 23 that has a number of recording 
elements arranged in line and can be moved in the direction of the axis of rotation of the drum 12 which is 
coincident with the direction in which the recording elements of the recording head 23 are arranged Thus, the 
recording paper 15 is carried with the rotation of the drum 12 in the direction perpendicular to the direction of 
20 arrangement of the recording elements of the Inkjet recording head. 

100171 As shown in FIGS. 2 and 3, the ink jet recording head 23 comprises three head units 231, 232 and 233. 
each having a large number of ink nozzles 23a arranged in line at a given pitch, which are adhered to a common 
plate 234. More specifically, the head unit 232 is adhered to one surface of the plate 234 in its central portion 
while the head units 231 and 233 are adhered to the opposite surface on the end sides thereof. The head unit 232 
and the head units 231 and 233 are positioned such that the end portions of the head units 231 and 232 overlap in 
25 the direction y perpendicular to the line direction x in which the nozzles are arranged by six (- Q) ink nozzles 
including for example, three (=.P) ink nozzles that may produce a change in printing density and likewise the end 
portions of the head units 232 and 233 overlap in the direction y by six ink nozzles. - _ 
1001 81 The ink nozzles 23a in each of the head units 231 and 233 and the ink nozzles 23a in the head unit 232 
are not arranged in a horizontal line. That is, the head units 231and 232 (2 32. and 233) are ^ ^jespect to 
each other in the direction y. However, it is easy to.provide the same print.results as it would be obtained if the 
30 ink nozzles of the head units 231. 232 and 233 were arranged in a' line by adjusting the timing of ink projection 
from each of the head units. .. - . „ H \ 

TO0191 The print mechanism 24 comprises a reciprocating mechanism 25 on which the ink jet recording head \ 
23 is placed, a motor unit 26 having a linear motor arid a reciprocating rod; and a head, moving means 27. Jhe head I 
moving means 27 moves the head 23 relative to the drum .12. The motor unit 26 moves the reciprocating \ 
mechanism 25 in the direction of axis of rotation of the drum' 12 so as to allow the head 23 to travel and- back in | 
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the direction of. axis of rotation of the drum. . . ,l' ^..rWe.-.rfa^ 

r00201 The drum 12 is equipped with a separation claw that release the recording paper from the drum surface. 
The released recording paper is fed to a recording paper eject mechanism 29: The^eject mechanism compos a 
belt conveyor 30 that is brought , into contact with the non-recording surface of. the recording paper 15 and a 
pressing means 31 that presses the. recording paper against the belt conveyor, . . - r ^ nrMnr , 

[0021] in the upper portion of a side of the container 11 is placed eject rollers 32 that eject the recording 
paper 15 carried on the belt conveyor to outside. In addition, there are housed in the container 11 a «™nW^33' 
an ink cassette 34 serving as an ink supply source, an ink buffer that temporarily storesjnk from the ink cassette, 
• and an ink supply tube 36 that supplies ink stored in the ink buffer to the ink jet recording,head23. 

[0022] At the time of printing, a sheet of recording paper is taken out of the feed .cassette 16fc ,y the roller 
18 and then sent to the feed rollers 13 and 14. The sheet of recording paper is taken up by the rotating drum 12 
45 . and then attracted to the drum surface by the electrification roller 22. . - 

100231 With the rotation of the drum 12. the recording, paper is rotated in the direction y perpendicular to the 
line direction x in which the ink nozzles of the ink jet recording head 23 are arranged. In response i to an image 
signal droplets of ink are projected selectively from the ink nozzles onto the recording paper, thereby making an 
" S recording. Since- the pitch of the ink nozzles of the ink jet recording head b ^oarse in comparison wrth the 
resolution of image recording, the ink jet recording head is controlled to shift -n the direction q f axis _of 
rotation of the drum by. for example. 1/2 of the ink nozzle pitch when the drum makes one >™^™.Z™ * 
rotations of the drum completes printing on one sheet of recording paper, allowing image recording at a resolution 
corresponding to twice the. pitch of the ink nozzles. The recording paper which has image recording made is 
released from the drum surface by the crawl 28 and then ejected to outside by the eject mechanism 2. 1 
r00241 In FIG 5 the overlapping zone of the head units 232 and 233 (i.e.. the boundary portion'between the 
S is shown enlarged. The head units 232 and 233 overlap with each other by ^ix ink no£~« « ink ^zzles 
abode, and f at one end of the head unit 232 (corresponding to the Q number of ink no ^ es K * nre ? ^nd™ °* 
nozzles d e and f correspond to the P number of ink nozzles that may produce a change in density Likewise, ot 
2fc£k nozzle! f e deb and a at one end of the head unit 233 (corresponding to the Q number of endmost ink 
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nozzles), thre endmost nozzles f, e, and d correspond to the P number of ink nozzles that may produce a change 
in density. 

[0025] As shown in FIG. 6, the volume of jected ink from each ink nozzle of the head units 231, 232 and 233 
can be vari d by varying the tim t that the power is applied to th corresponding ink chamber. The time interval 
from t1 to t2 during which the volum of jected ink is proportional to the power application time is divided into 
seven equal time periods to obtain the smallest period of time as a unit and then the power application time is 
varied from t1 to t2 in units of the smallest period of time. This provides printing control at shade levels of 1 to 
7. The inclusion of the shade level 0 involving no ink ejection allows printing control at 8 shade levels. The 
; pseudo-halftoning of an input image signal can prcvide an image signal adapted for printing at shade levels of 0 to 
7. 

[0026] FIG. 7 shows an example of an input image signal for printing at the shade level 7 applied to 18 ink 
nozzles including the six ink nozzles in the overlapping zone of the head units 232 and 233. The six seventh to 
twelfth ink nozzles in Jhe central portion correspond to the ink nozzles a, b,c, d, e, f of the head unit 232 and 
the ink nozzles f, e, d, c, b, a of the head unit 233. 

[0027] For printings the shade level 7, assume that the ink nozzles a, b, c ( d, e, f of the head unit 232 are 
set to printing at the shade level 7 and the ink nozzles ,f, e, d, c, b, a of the head unit 233 are set to printing 
; at the shade level 0. Then, there arises the possibility that the three ending ink nozzles d, e, f of the head unit 
232 may produce a sharp increase in printing density. In such case, irregularities in density will appear in the 
form of stripe in the y direction perpendicular to the line direction x. Conversely, even if the ink nozzles a. b, c, 
d, e, f of the head unit 232 are set to printing at the shade level 0 and the ink nozzles f, e, d, c, b, a of the 
head unit 233 are-set to printing at the shade level 7, there also arises the possibility that the three ending ink 
nozzles f, e, d of the head unit 233 may produce a sharp increase in printing .density. In this case as well, 

> irregularities in density will likewise appear in the form of stripe in the y direction. 

[0028] - In view of these problems, the embodiment makes a decision of whether an input image signal adapted 
for eight shades is directed to the ink nozzles a through f in the overlapping zone of the head units 232 and 233 
and, if so, distributes that input image signal to the head units 232 and 233 so that each of the ink nozzles a 

I. through f of the head unit 232 and the corresponding one of the ink nozzles f through a of the head unit 233, i.e., 
ach pair of overlapping ink nozzles, form one dot! Each of the ink nozzles other than the overlapping ink nozzles a 
through f is individually controlled by the image siglhal as hitherto. ' ' 
- [0029] - FIG. 8 is a block diagram of a control circuit that implements such shading control. An 8-shade image 
signal is applied to a correction circuit 41 and a position signal representing the position in the line direction x 
is applied to a position signal decision circuit '42. The position signal decision circuit makes a decision of 
whether the input position, signal represents the overlapping zone of the head units 232 and 233 and applies a 
} control signal to the correction circuit 41. 

[0030]. The correction circuit 41 is composed, as shown in FIG. 9, of a lookup table (LUT) 41, a first switch 
circuit 412 that is used when no shading control is performed; and a second switch circuit 413 that is used wh n 
shading control is s performed.. As shown in FIG. 10, the lookup table 411 stores information representing how an 
input shade level ranging from 0 to 7 is converted to an output shade jevel for each of the overlapping ink nozzles 
a, b, c, d t .e. and f of the head units 232 and 233. " / . * ' 

i [0031], . The first switch circuit 412 is of. a change-rover switch type and controlled by the control signal from 
th position signal decision circuit 42. When the position signal decision circuit decides that the position signal 
represents j other positions, than the overlapping zone, the first switch circuit 1 applies the image signal to either a 
first shift "register corresponding to the head unit 232 or a second shift register 44 corresponding to the head unit 
233. On the,! other hand, When the position signal' decision circuit decides that the position signal represents the 
overlapping zone, the first switch circuit js placed to the OFF position by the control signal. , ■ : 

1 [0032] . The second switch circuit 413 comprises two single-pole single-throw type ganged switches which ar 
simultaneously turned ON or OFF by the control signal from the position signal decision circuit 42. When the 
position signal decision circuit decides that the position signal represents other positions than the overlapping 
nozzle, the seconds switch, circuit is turned OFF. On the. other hand, when the position signal decision circuit 
decides that the position signal represents the overlapping zone, the second switch circuit is turned ON by th 
control signal to thereby apply first and second outputs of the lookup table 411 to the first and second shift 
1 registers'43 and 44, respectively. 

[0033] . , ..The output of the first shift register 43 is applied to a first driver circuit 45 which drives the head 
unit 232 the output of the second shift register 44 is applied to a second driver circuit 46 to drive the head unit 
' .232. \ \ • ' ; ' ' ' * 

[0034] v In such a configuration, suppose that an image signal at- the shade level 7 is applied through 18 

> ' successive ' lines to a total of 18 ink nozzles including and centered at the six ink nozzles a through f in the 

overlapping zone of the head units 232 and 233. The 18 ink nozzles are described as the first through eighteenth 
ink nozzles. . 

[0035] First, on the first line, using the first through the sixth ink nozzle the head unit 232 alone makes 
printing. In this case, the first switch circuit 412 is operated by the control signal from the position signal 
decision circuit 42 to send an 8-shade image signal to the first shift register 43. while the second switch circuit 
i 413 is turned OFF. At this time, therefore, the image signal passes through the correction circuit 41 as it is and 
then enters the first shift register 43. 

[0036] For the seventh through th twelfth ink nozzle, the head units 232 and 233 overlap with each other in 
the paper feed direction y. In the overlapping zone, ink ejection from the head unit 232 and ink ejection from the 
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head unit 233 ar combined to form one dot; thus, the first -switch circuits 412 and 413 are turned OFF and ON. 
respeSy by the control signal from. the position signal decision circuit 42 In this case, the .mage s.gnal is 
distributed between the head units 232 and 233 through the use of the lookup table 411. 

100371 When the 8-shade image signal corresponds to the ink nozzle a of the head unit 232 and the ink nozzle 
f of the head unit 233. the first output of the lookup table is applied to the first shift register 43 as an image 
5 signal I It thfshadelevel 6 and the second output of the lookup table is applied to the second shift register 44 as 

(OOaB] 96 51 LikewiJe.^hen "the ft-shade image signal corresponds to the ink nozzle b of the head unit 232 and the 
ink nozzle e of the head unit 233. the first output of the lookup table is applied to the first shift register 43 as 
an image signal at the shade level 5 and the second output of the lookup table is applied to the second shift 
reqister 44 as an image signal at the shade level 2. ■ " . 

10 r00391 When the 8-shade image signal corresponds to the ink nozzle c of the head unit 232 and the ink nozzle 
d of the head unit 233, the lookup table first output is applied to the first shift register 43 as an image signal at 
the shade level 4 and the second output is applied to the second shift register 44 as an image signal at the shade 
vef 3 Whlnlhe 8-shade image signal corresponds to the ink nozzle d of the head unit 232 and the^ink nozzle c o 
the head unit 233, the first output is applied to the first shift register 43 as an image signal at the shade level 

« 3 and the second output is applied to the second shift register 44 as an image signal at the shade level 4 ■ 

100401 When the 8-shade image signal corresponds to the ink nozzle e of the head unit 232 and the ink nozzle 
b of the head unit 233. the first output of the lookup table is applied to the first shift register 43 as an image 
' signal at the shade level 2 and the second output of the lookup table is applied to the second shrft register 44 as 
an image signal at the shade level 5. When the 8-shade image signal corresponds to. he ink nozzle f of the head 
unit 232 and the ink nozzle a of the head unit 233. the first output of the lookup table is applied I to the first 

20 shift register 43 as an image signal at the shade level 1 and the second output of the lookup table b applied to 
the second shift register 44 as an image signal at the shade level 6. ^ ,„ 

100411 For the thirteenth through the eighteenth ink nozzle, the head unit 233 makes printing by itself. In 
this case the first switch circuit 412 is switched by the control signal from the position sigral decision xircuit 
42 to send the 8-shade image signal to the second shift register 44. while the second switch circuit 413 is j turn d 
OFF. At this time, therefore, the image signal passes through the correction circuit 41 as it is and then enters the 
second shift res lister ■ , e sj , for tne ^ |jne has been fed into the firsthand second^ shift 

eg?sTers 43 and 44. the first and second driver circuits 45 and 46 drive the head unrts ^^m^gSA 
thereby allowing ink to be ejected from each ink nozzle. Of course, since he head units 232 and, 233 are offset with 
respect to each other in the y direction, the timing of ink eject.on is adjusted so that printing « made as a Une. 
Upon termination of printing of the first line, the same, processing is performed for the second line and then 
repeated until the eighteenth line is completed. _,„„„>- t - . .u 

100431 FIG 12 shows the distribution of shades between the head units 232 and 233 for the first through the 
eighteenth ink nozzle on the first through the eighteenth line. .For the .first through the ,^. h jft«^ *?? 
shade distribution between the head units 232 and 233 is (7, p) for all the 18 fines, indicating that the head unit 
232 makes printing by itself. : : - ■ ■ . - . . J. ' t . t 

35 [0044] For the seventh ink nozzle, the shade distribution is (6. 1) for all. the 18 lines v^pa*^ ' 

printing at the shade level 6 by the head unit 232 and printing at the shade level l by the head unrt 233 ar 
combined to -form one dot. For the eighth, ink nozzle! the, shade distr.but.on is (5 2) for a Uh? 18 hnes 
indicating that printing at the shade level 5 by the head unit 232 and printing at the shade ley el 2>y i he head 
unit 233 are combined to form one dot. For the ninth ink nozzle. . the. shade distribution is (4. 3) for a|.the 18 
^ ^^S»S^mi^t^ shade level 4 by the head unit 232 and printing at the -shade .level 3 by the 
40 . head unit 233 are combined to form one dot. . .. ■ ■ 

[00451 For the tenth ink nozzle, the shade distribution between the head units is (3. 4) for aH the 18 lines 
ndica ing that printing at the.shade level 3 by.the head unit 232 and. printing at the shade lever 4 by the head 
■ unit 233 are combined to form one dot. For the eleventh ink nozzle, the shade condition is (2, 5 for all the 
Hnes. indicating that printing at the shade level 2 by the head unit. 232 and printing at the^shade eye I 5^ thread 
M unit 233 are combined to form one dot. For the twelfth ink npzzle. the shade dist ributioni b (1 . 6) ( for aH .» . « 
45 lines, indicating that printing at the shade level 1 by the head unrt 232 and printing at the shade, level 6 by the 
head unit 233 are combined to form one dot. . . ^ . A. u j ■ io 

[00461 For the thirteenth through the eighteenth ink nozzle, the shade distribution between the head units is 
(0. 7) for all the 1 8 lines, indicating that the head unit 233 makes printing by itself. . - . 

100471 Such winting control allows the printing density in the overlapping zone of the head units 23? ana J 
to°Sease graduaTl/wl a small variation width of dO to d2 and then decrease gradually wrth the ^me-ywiation 
widm as 'shown in FIG. 11. Moreover. d3. the maximum change from dO, is also smafl in. »nvenson wrth ^he 
conventional change d1 shown in FIG. 30. That is. the endmost ink nozzle f of each of { ^^ A ^% 3t f. 23 ^ 
that is the most areatly affected by the change in the volume of ejected ink is set to the shade level 1, i.e., to 
%7hi^rnffiSffint.of ink. On th other hand, the ink nozzle a that forms a dot together with the nnk noate 
f and has little variation in the volume of ejected ink is set to the shade level 6 so that th whole density 
becomes the shade level 7 Thus, the change in printing density can be minimized. The ink nozzles e and d ot the 
mXSS that may "be affected by the change in the volume of ejectedink are set to th^shade teve.s 
2 and 3. r spectively. while their respective corresponding ink nozzles b and c that have little variation in i the 
volume of ejected ink are set to the shade levels 5 and 4. respectively. In this case as well, the whole density is 
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set to the shad I vel 7, thus minimizing the change in printing density. 

[0048] Thus, the chang in printing density at the ends of the head units can be r due d by making the amount 
of ejected ink variable so that, in the ink nozzl s a through f of the head units 232 and 233 that overlap in th 
direction y perpendicular to the line direction x, the nearer the ink nozzle is to the h ad unit nd, the smaller 
the amount of ink it ejects. Thereby, the irregularities in density can be reduced and the recording quality can be 
improved overall. 

[0049] Although the reduction of irregularities in density in the overlapping zone of the head units 232 and 
233 was described here, it goes without saying that exactly the same image signal processing can be applied to the 
overlapping zone of the head units 231 and 232 to 'reduce irregularities in density. 

[Second Embodiment] 

[0050] This embodiment will also be described taking, by way of example, ink ejection control for 18 ink 
nozzles including and centered at six ink nozzles in the overlapping zone of the head units 232 and 233. Like 
r ference numerals are used to denote the corresponding parts to those in. the first embodiment and the differences 
.from the first embodiment will be described. 

[0051] As shown in FIG. 13, an 8-shade image signal and a paper feed direction (y) position signal are applied 
to a correction circuit 51 and a line direction (x) position signal is applied to the position signal decjsion circuit 42. 
[0052] The correction circuit 51 consists, as shown in FIG. 14, of a lookup table (LUT).511, a first switch 
.circuit 512 which is used when no shade control is performed, and a second switch circuit 513 which is used when 
the shade control is used. The io^kul) table SI T is c^rr^ris^d, as shown in FIGS. T5A, T5B and 15C, of three tables 
511a, 511b and 511c each of which stores information representing how an input shade level in the range from 0 to 
7. is converted to an output shade level for each of the overlapping ink nozzles a, b, c t d, e, and f of the . head 
units 232 and 233. 

[0053] , The table 511a shown in FIG. /\5A is selected when the position y(p) in the paper feed direction y that 
the input paper feed direction position signal specifies is y(p) = 3n - 2 (n =1, 2 t 3, ...), . that is, when the 

position signal specifies the first line/ the fourth line, the seventh line The table 511b shown in FIG. 15B 

is selected when y(p) = 3n-1, that is, when the- position signal specifies the second line, the fifth line, the 

eighth line The table 511c shown in FIG. 15C is selected when y(p) = 3n, that is, when the position signal 

specifies the third line, the sixth line, the ninth line, . .. 

[0054] Like the previously described first switch circuit 412, the first switch circuit 512 is of a change-over 
switch type and controlled by the control signal from the position signal decision circuit .'42. When the position 
signal decision circuit decides that the. position signal' represents other positions than the overlapping zone, the 
first switch circuit applies the 8-shade image signal to either the first shift register 43 corresponding to the 
head unit 232 or a second shift register 44 corresponding to the head unit 233. On the other hand, when the 
position signal decision circuit decides that the position signal represents the overlapping zone, the first switch 
circuit is placed to the OFF position by the control signal. 

[0055] Like the previously described second switch circuit 413, the second switch circuit 513 comprises- two 
single-pole single-throw type ganged switches which are simultaneously turned ON or OFF by the control signal 
from the position signal decision circuit 42. When the position signal decision circuit decides that the position 
signal represents other positions than the overlapping zone, the second switch circuit is turned OFF. On the other 
hand, when the position signal decision circuit decides that the position signal represents the overlapping zone, 
the second switch circuit is turned ON by the control signal to thereby apply first and second outputs of the lookup 
table 511 to the first and second shift registers 43 and 44, respectively. ,! . . 

[0056] ' In such, a configuration, suppose that an image signal at the shade level 7 is' applied through 18 
successive lines to a total of 18 ink nozzles including and centered at the six ink nozzles a through f in the 
overlapping zone of the head units 232 and 233. The 18 ink nozzles are described as the first through eighteenth 
ink nozzles. 

[0057] : 'r First, on the first line, using the first through the sixth ink nozzle the head unit 232 alone makes 
printing. Irv this case, the first switch circuit 512 is operated by the control signal from the position signal 
decision' circuit 42 to send an 8-shade image signal to the first shift register 43, whHe the second switch circuit 
413 is turned OFF. At this time, therefore, the image signal passes through the correction circuit 51 as it is and 
then enters the first shift register 43. 

[0058] For the seventh through the twelfth ink nozzle, the head units 232 and 233 overlap with each other in 
the paper feed direction y. In the overlapping zone, ink ejection from the head unit 232 and ink ejection from the 
head unit 233 are combined to form one dot; thus, the first switch circuits 412 and 413 are turned OFF and ON, 
respectively, by the control signal from the position signal decision circuit 42. In this case, the image signal is 
distributed between the head units 232 and 233 through the use of the lookup table 511. Which table to use for 
image signal distribution is determined by the paper feed direction position signal. - _ 

[0059] The table 511a is selected in printing the first line. In this case, when the imaged signal corresponds to 
the ink nozzles a, b and c of the head unit. 232 and the ink nozzles f, e and d of the head unit 233, the first 
output for the ink nozzles a, b and c of the head unit 232 is applied to the first shift register 43 as ah image 
signal at the shade lev I 6, whil the second output for the ink nozzles f, e and d of the head unit 233 is applied 
to the second shift register 44 as an image signal at the shade level 1. . 

[0060] When the image signal corr sponds to the ink nozzles d, e and f of the head unit 232 and the ink 
nozzles c, b and a of the head unit 233, the first output for the ink nozzles d, e and f of the head unit 232 is 
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applied to the first shift regist r 43 as an image signal at the shad level 1, while the second output for the ink 
nozzles c, b and a of th head unit 233 is applied to the second shift register 44 as an image signal at the shade 
level 6. . . 

[0061] For th thirteenth through the eighteenth ink nozzle, the head unit 233 makes printing by itself. In 
this case the first switch circuit 512 is switched by the control signal from the position signal decision circuit 
42 to send the 8-shade image signal to the second shift register 44, while the second switch circuit 413 is turned 
OFF. At this time, therefore, the image signal passes through the correction circuit 41 as it is and then enters the 
second shift register 44. 

[0062] When the image signal for the first line has been fed into the first and second shift registers 43 and 
44 in this manner, the first and second driver circuits 45 and 46 drive the head units 232 and 233, respectively 
thereby allowing ink to be ejected from each ink nozzle. Of course, since the head units 232, and 233 are offset with 
respect to each other in the y direction, the timing of ink ejection is adjusted so that printing is made as a line. 
[0063] For the first through the sixth ink nozzle, the head unit 232 makes printing by itself. Thus, the 
processing for the second line and later remains unchanged from that for the first line. For the thirteenth through 
the eighteenth ink nozzle, on the other hand, the head unit 233 makes printing by itself. Thus, in this case as w II, 
the processing for the second line and later remains unchanged from that for the first line. - * 

[0064] However, for the seventh through the twelfth ink nozzle, the processing varies with each line because 
the lookup table 51 1 is used. • - ■ ' . 

[0065] In printing the second line, the table 511b is selected, in this case, the first output for the ink 
nozzles a b and c of the head unit 232 is applied to the first shift register 43 as an image signal at the- shade 
level 5 ( while the second output for the ink nozzles f, e and d of the head unit 233 is applied to the second, shift 
register 44 as an image signal at the shade level 2. ^ 
20 [0066] In addition; the first output for the ink nozzles d, e and f of the head unit 232 is applied to the 
first shift register 43 as an image signal at the shade level 2, while the second output for the ink nozzles c, b 
and a of the head unit 233 is applied to the second shift register 44 as an image signal at the shade level 5. 
[0067] In printing the third line, the table 511c is selected. In this case, the first output for the ink 
nozzles a b and c of the head unit 232 is applied to the first shift register 43 as an image signal at the shade 
level 4, while the second output for the ink nozzles f, e and d of the head unit 233 is applied to the second shift 
register 44 as an image signal at the shade level 3. ' 
[0068] : In addition, the first output for the ink nozzles d, e and f of the head unit 232 is applied to the 
first shift register 43 as an image signal at the shade level 3, while the second output for the ink nozzles c, b and a 
of the head unit 233 is applied to the second shift register 44 as an image signal at the shade level 4. 
[0069] Thus in printing the (3n-2)nd line, the shade distribution between the head units 232 and 233 is 
performed according to data in the table 51 1a for the seventh through the twelfth ink nozzle In printing the (3n-1) 
st line the shade distribution between the head units 232 and 233 is performed according to data in the table 511b. 
In printing the 3rMh line, the shade distribution between the head units 232 and 233 is performed according to data 
inthetable.511c. Note that n = 1, 2, 3, .... : ' V* . u " 

[0070] FIG 16 shows the distribution of shades between the head units 232 and 233 for the first through the 
eighteenth ink nozzle on' the first through the eighteenth line. For the first through the sixth ink nozzle^ the 
35 y shade distribution between the head units 232 and 233 is (7, 0) for all the 18 lines, indicating that the- head unit 

232 makes printing byjtseff. v I -\ V - \ ' \ . _ ~.\.-.. /0 - ox ^ 

[0071] For the seventh through the ninth ink nozzle; the shade distribution is (6, 1) on the (3n-2)nd Sine 
- indicating that one" dot is. formed by a combination of printing rat the shade level 6 ,""?"^Jf™ 
" printing at the shade level 1 by the head unit 233. On the (3n-1)st line, the distribution is (5. 2) indica t ng 
that one dot is formed by a combination of printing at the shade level 5 by the head unit 232 and printing at the 
shade level 2 by the head unit 233. On the 3n-th line, the distribution is (4, 3). indicating that one dot « formed 
by a combination of printing at the shade level 4 by the head unit 232 and printing at the shade level 3 by tne-head 



[0072] For the tenth through the twelfth ink nozzle, the shade distribution \s (1, 6) on the (3n-2)nd line 
indicating that one dot is formed by a combination of printing at the shade level 1 by the head unrtj^^d 
printing at the shade level 6 by the head unit 233. On the (3h-1)st line, the distribution is (2, 5 , fnd.catmg | that 
one dot is formed by a combination of printing at the shade level 2 by the head unit 232 and printing at the shade 
level 5 by the head unit 233. On the 3n-th line, the distribution is (3, 4), indicating ^that one , d °t is formed _by a 
combination of printing at the shade level 3 by the head unit 232 and printing at the shade level 4 by the head unit 
233 • . • .: J • ..- - ". ■ .'!'..- ■ _ 

f00731 Such printing control alloWs the change in printing density in the overlapping zone of the head units 

232 and 233 to be made smaller in the line direction x than in the conventional technique as with the first 
embodiment. Moreover in' the paper' feed direction y as well, a delicate change in density can be produced. Thus 
irregularities in density in the form of line that extend in the paper feed direction becomes drfficult to be 
recognized by human eyes, improving the recording quality. ^ ' ■■ _ 
[00741 Although the ; reduction of irregularities in density in the overlapping zone of the head units .232- ana 

233 was described here, it goes without saying that exactly the same imag signal processing can I ^ apptedto the 
overlapping zone of the head units 231 and 232 to reduce irregularit.es in density. 

embodiment was described as the lookup table comprising three tables s lectively used for the (3n-2)nd line, the 
(3n-1)st line and the 3n-th line, this is not restrictive. The values in these tables are not restrictive, either. 
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[Third Embodiment] 

(0075] This embodiment will be described in terms of printing control at 16 shade levels. In this embodiment as 
well, the ov rail configuration of th ink jet r cording apparatus r mains unchanged from that shown in FIG. 1. 
[0076] In this ink jet recording apparatus, the time interval during which the volume of ejected ink 

is proportional to the power application time is divided into 15 equal time periods to obtain the smallest period of 
time' as a unit and then the power application time is varied in units of the smallest period of time. This provides 
printing control at shade levels of 1 to 15. The inclusion of shade level 0 with no ink ejection allows printing 
control at 16 shade levels. The pseudo-halftoning of an input image signal can provide an image signal adapted for 
printing control at 16 shade levels from 0 to 15. 

[0077] ' In FIG. 17, the overlapping zone of the head units 232 and 233 is shown enlarged. The head units 232 
and 233 overlap with each other by eight ink nozzles. Of eight ink nozzles a, b, c, d, e, f, g, and h at one end of 
the head unit 232 (corresponding to the Q number of ink nozzles), four endmost nozzles e. f, g, and h correspond 
to the P number of ink nozzles that may produce a change in density. Likewise, of eight ink nozzles h, g t f, e. d, c, 

b, and a at one end of the head unit 233 (corresponding to the Q number of endmost ink nozzles), four endmost 
nozzles h, g. f, and e correspond to the P number of ink nozzles that may produce a change in density. 

[0078] The embodiment makes a decision of whether an input 16^shade image signal corresponds to the ink 
nozzles a through h in the overlapping zone of the head units 232 and 233 and, if so, distributes that input image 
signal to the head units 232 and 233 so that each of the ink nozzles a through h of the head unit 232 and the 
corresponding-one-of the -ink-nozzles h through a of the-head-Unit 233 eject ink to -form one dot. Each of the ink 
nozzles otheMhan the overlapping ink nozzles is individually controlled by the image signal as hitherto. 
[0079] FIG. 18 is a block diagram of a control circuit that implements such control. A 16-shade* image signal is 
applied to a correction circuit 61 and a line direction (x) position signal is applied to the position signal decision 
circuit 42; The position signal decision circuit makes a decision of whether the input position signal represents 
the overlapping zone of the head units 232 and 233 and applies a control signal to the correction circuit 61. 
[0080] . The correction circuit 61 is composed, as shown in FIG. 19, of a lookup table (LUT) 611, a first switch 
circuit 612 that is used when no shading control is performed, and a second switch circuit 613 that is used when 
shading control is performed. As shown in FIG. 20, the lookup table 611 stores information representing how an 
input shade in the range from 0 to 15 is converted to an output shade for each of the overlapping ink nozzles a, b, 

c, d, e, f, g, and h of the head units 232 and 233. The output shade level is determined from the amounts of ejected 
ink of the respective ink nozzles a through h Including the four ending ink nozzles e, f, g, and h of each of the 
head units 232 and 233 that may produce a change in printing density, which are found in advance. 

[0081] The first switch circuit 612 is of a change-over switch type and controlled by the control signal from 
the position signal decision, circuit 42. When the position signal decision circuit decides that the position signal 
represents other positions than the overlapping zone, the first switch circuit applies the 16-shade image signal to 
either the first shift register 43 corresponding to jhe head unit 232 or the second shift register 44 corresponding 
to the head unit 233. On the other hand, when the position signal decision circuit decides that the .position signal 
represents the overlapping zone, the first switch circuit is placed to the OFF position by the control signal. 
[0082] -The second switch circuit 613. comprises .two' single-pole single-throw type ganged switches which 
are simultaneously turned. ON or OFF by the control signal from the position signal decision circuit 42. When the 
position signal decision circuit decides that the position signal represents other positions than the overlapping 
- zone, the second switch circuit is turned OFF. .On the other hand, when the position signal decision circuit decicles 
that the position signal represents the overlapping zone, the second switch \circuit is turned ON by the control 
signal to thereby apply first and second outputs of the lookup table 611 to the first and second shift registers 43 
3 rid 44 respectively. • ^ 

[0083] ' The output of" the first shift register 43 is .applied to the first driver circuit 45, which, in turn, 
drives the head unit 232. The output of .the second shift register 44 is applied to the second driver circuit 46, 
which, in turn, drives the head unit 232. 

[0084] In such a configuration, suppose that an image signal at the. shade level 15 is applied through 20 
successive lines to a total of 20 ink nozzles including and centered atJhe eight .ink . nozzles a through h in the 
overlapping zone of the head units 232 and 233. The 20 ink nozzles are described as the first through twentieth ink 
nozzles. : . . - 

[0085] First, on the first line, using the first through the sixth ink nozzle the head unit 232 alone makes 
printing, in this case, the. first switch circuit 612 is operated by the control signal from the position signal 
decision circuit 42 to send a 16-shade image signal to the first shift register 43, while the second switch circuit 
613 is turned OFF. At this time, therefore, the input image signal passes through the correction circuit 61 as it is 
and then enters the first shift register 43. *."*.', 
[0086] For the seventh through the fourteenth ink nozzle, the head units 232 and 233 overlap with each other 
in the paper feed direction y. In the overlapping zone, ink ejection from the head unit 232 and ink, eject ion from the 
head unit 233 are combined to form one dot; thus, the first switch circuits 612 and 613 are. turned OFF and ON, 
r spectively, by the control signal from the position signal decision circuit 42. In this case, the image .signal is 
distributed between the head units 232 and 233 through the use of the lookup table 61 1. • . . . 
[0087] That is, when the 16-shade image signal corresponds to the ink nozzle a of the head unit 232 and the 
ink nozzl h of the head unit 233. the first output for the ink nozzle a is applied to th first shift register 43 
as an image signal at the shade level 14, while the second output for the ink nozzle h is applied to the second 
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shift register 44 as an image signal at th shade level 1. ooo ^ *u 

[00881 Likewise, when the 16-shade image signal corresponds to the ink nozzle b of the head unit 232 and the 
ink nozzle g of th h ad unit 233. the first output for the ink nozzle b is applied to the first shift r gister 43 
as an image signal at the shad level 12, while the second output for the ink nozzl g is applied to the second 
shift register 44 as an image signal at the shade level 2. 

r00891 Likewise when the 16-shade image signal corresponds to the ink nozzle c of the head unit 232 and the 
ink nozzle f of the head unit 233, the first output is. applied to the first shift register 43 as an image signal at 
the shade level 14, while the second output is applied to the second shift register 44 as an image signa) at the 
shade level 1 Likewise, when the 16-shade image signal corresponds to the ink nozzle d of the head unit 232 and 
the ink nozzle e of the head unit 233, the first output is applied to the first shift register 43 as an image^ signal 
at the shade level 12 while the second output is applied to the second shift register 44 as an image signal at the 



shade level 2 

100901 Likewise, when the 16-shade image signal corresponds to the ink nozzle e of the head unit 232 and the 
ink nozzle d of the head unit 233, the first output is applied to the first shift register 43 .as .an image signal at 
the shade level 2. while the second output is applied to the second shift register 44 as an image signal at the 
shade level 12 Likewise, when the 16-shade image signal corresponds to the ink nozzle f of the head unit 232 and 
« the ink nozzle c of the head unit 233, the first output is applied to the first shift register 43 as an image signal 
: at the shade level 1. while the second output is applied to the second shift register 44 as an image signal at the 
shade level 14 * 

[00911 Likewise when the 16-shade image signal corresponds to the ink nozzle g,of the. head unit 232 and the 
ink nozzle b of the head unit 233, the first output is applied to the first shift register 43 as an image signal at 
the shade level 2, while the second output is applied to the second shift register 44 as an image signal at. the 
20 shade level 12 Likewise, when the 16-shade image signal corresponds to the ink nozzle h of the head unit 232 and 
the ink nozzle a of the head unit 233, the first output is applied to the first shift register 43 as an image s^nal 
at the shade level 1, while the second output is applied to the second shift register .44 as an image signal at the 
shade level 14 i r 
10092] For the fifteenth through the twentieth ink nozzle; the head unit 233 makes printing by itself. In this 
case the first switch circuit 612 is switched by the control signal from the position signal decision circuit 42 to 
25 send' the 16-shade image signal to the second shift register 44, while the second switch circuit 613 is turned OFF. 
At this time, therefore, the input image signal passes through the correction circuit 41 as it is and then enters 
the second shift register 44. . 
100931 When the image signal for the first line has been fed into the first and second shjft registers 43; and 
44 in this manner, the first and second driver circuits 45 and 46 drive the head units 232 and £33. respectively 
thereby allowing ink to be ejected from each ink nozzle. Of course, since the head units 232 and 233 are offset with 
respect to each other in the y direction, the timing of ink ejection is adjusted so that printing is made as a line_ 
Upon termination of printing the first line, the same processing is performed for the second line and then repeated 

until the twentieth line. ' : . „„„ ' I -i" * ii. *- i'.u^^ki^ 

100941 FIG 22 shows the distribution. of shades between, the head units 232 and 233 for the first through the 
fcventieth ink nozzle on the first through the twentieth line. For the first through the.sixth ink ( n °f^-; ^stede 
distribution between the head units 232 and 233 is (15, 0) for all of the 18 lines, indicating, that, the head, unit 
232 makes printing at the shade level 15 by itself. ■ .. . 

[0095] For the seventh ink nozzle, the shade, distribution is (14, 1) for all of the 20 lines, mdicating^that 
one dot is formed by a combination of printing at the shade level 14 by the head unrt ,232 .and. printing at the .shad 
level 1 by the head unit- 233. For the eighth ink nozzle, the shade d.str.bqt.on-«^2..v2),for a| of the 20 lir is, 
indicating that one dot is formed by . a combination of printing at the shade, level ^by he Jnead unit 232- and 
printing at the shade level 2 by the head unit 233. For the ninth ink nozzle, the shade ^tnbut.on ^ (14. 1) for 
all of the 20 lines, indicating that one dot is formed by a combination of printing , at the shade level. 14 by the 
head unit 232 and printing at the shade level 1.by the head .unit 233. For the tenth ink nozzle t£ J£de 
distribution is (12. 2)- for all of -the 20 lines, indicating , that one dot is . formed by; a combination of pnnting at 
the shade level 12 by the head unit 232 and printing at the shade level 2 by the head unit 233. ,UV- 
[0096] In addition, for the eleventh ink nozzle, the shade distribution is (2. 12). for a)l of the 2Q toea 
indicating that one dot is formed by a combination of printing at .the shade level 2 by the > head unit ,232 .and 
prSg It the shade level 12 by the head unit 233. For the twelfth ink nozzle, the sh ^ f!^^ bv «2 
for all of the 20 lines., indicating that one. dot is formed by a com.b.natjor .of 'F^^ a ^-*^. s ^«^J Jr.SJS 
head unit 232 and printing at the. shade level 14 by the head unit 233. For the thirteenth ink nozzle, £e .sha.de 
distribution is (2, 12) for all of the 20 lines, indicating; that one dot. is formed by a combinabon^of W*"0-« 
the shade level-2 by the head unit 232 and printing at the shade level 12 by the head unrt 233. For \the ^eenth 
ink nozzle, the. shade distribution is (1. . 14) for all of the 20 lines, ind.cating that one dot « formed by a 
combination of . printing at the shade level 1 by the head unit 232 andpr.nt.ng at the shade level .14 by the head 

[0097] 3 • Moreover, for the fifteenth through the twentieth ink nozzle, the shade distribution is (0. 15) for all 
of the 20 lines, indicating that the head unit 233 makes printing at the shade level 1 5 by itself 
55 [0098] Such printing control allows the printing density in the overlapping zone of the he ad^ ^s 232 a nazJJ 
■ to change in such a way as shown in FIG. 21 . as to increase from dO to d2, then decrease to d2 to cancel out the 
increasl. increase again to d2, and then decrease to d2\ That is. an increase and a deer ase in pnnt.ng density 
alternate so that the average density becomes constant. 



Impnme Be "Mimosa 



EP 0 968 832 A1 

[0099] In addition, th maximum variation from dO to d2 becomes smaller than the variation from dO to dl in 
th conventional technique shown in FIG. 30. That is, the ndmostink nozzle h of each of the head units 232 
and 233, which is most greatly affected by the change of the volum of ejected ink, is set to the shad level 1 
which invotv s the smallest amount of ink, while the ink nozzl .a of th other head unit, which has little variation 
in the volume of ejected ink and is combined with that endmost ink nozzl h to form one dot, is set to the shad 
level 14. This results in the shade level 15. Thus, the incremental change d2 can be minimized. Further, in order to 
keep the average density constant, it is required to decrease the amount of ejected ink so that the increment d2 is 
canceled out. To this end, the shade level of one dot formed by the corresponding ink nozzles b and g of the head 
units 232 and 233 is reduced by one level to shade level 14. Such shade distribution between ink nozzles as allows 
the increment d2 and the decrement d2* to become equal to each other is determined in advance. 
[0100] Likewise, the ink nozzle f of each of the head units 232 and 233 is set to the shade level 1, while the 

? ink nozzle c of the other head unit, which is combined with that ink nozzle f to form one dot, is set to the shade 
level 14. This results in the shade level 15. Thus, the resulting incremental change d2 can also be minimiz d. 
Further, in order to cancel out the increment d2;sb that the average density is kept constant, the shade level of 
one dot formed by the corresponding ink nozzles d and e of the head units 232 and 233 is reduced by one level to 
shade level 14. In this case as well, in order to allow the increment d2 and the decrement d2* to become equal to 
each other, shade distribution between ink nozzles is determined in advance. 

' [0101] Thus, in the overlapping zone of the head units 232 and 233, ah increase in the printing density of one 
dot formed by the ink nozzles a and h of the head units is minimized, and the density of one dbt formed by the ink 
nozzles b and g of the head units is reduced to cancel out the incremental change in density; thus, the average 
density-can.be kept constant. Likewise, theamount of ejected ink-fro m-the-ink nozzles c and-f of the head units 232 
and 233 increases, while the amount of ejected ink from the ink nozzles d and e of the head units 232 and 233 

) decreases, allowing the average density to be kept constant. 

; [0102] ' Thus, since the average density in the overlapping zone of the head units 232 and 233 and the average 
d nsity in the non-overlapping zone can be made substantially equal to each other, the irregularities in density can 
be reduced and the recording quality can be improved. - ' 

[0103] Although the reduction of irregularities in density in the overlapping zone of the head units 232 and 
233 was described here, it goes without saying that exactly the same image signal processing can be applied to th 
' " overlapping zone of the head units 231 and 232 to reduce irregularities in density. 

[Fourth Embodiment] 

■ [0104] This embodiment will be described in terms of printing control at 16 shade levels. In this embodiment as 
well, the overall configuration of the ink jet recording apparatus remains unchanged from that shown in FIG. 1. 

' [0105] In this ink jet recording apparatus, the time interval during which the volume of ejected ink is 
proportional to the power application time is divided into 15 equal time periods to obtain the smallest period of 
time as a unit and then the power application time is varied in units of the smallest period of time. This provides 
printing control at shade levels of 1 to 15. The inclusion of shade level 0 with no ink ejection allows printing 
control at ^shade levels. The pseudo-halftoning of an input image signal can provide,an image signal adapted for 

; S printing cohtroi at 16 shade levels from 0 to 15. . * > - * > . 

[0106] In'FIG. 23; the overlapping zone of the head units 232 and 233 is shown enlarged. The head units 232 
and 233 overlap with each other by twelve ending ink nozzles. The twelve ink nozzles A, B, C, D, E, F, G, H, I, J, K, 
and L at one end of the head unit 232 correspond to the Q number of ink nozzles, and the twelve ink nozzles I, k, j, 
' h, g, f, e, d. c. b, and a at one end of the head unit 233 correspond to the Q number of ink nozzles. . 
[0107] Here, four ink nozzles corresponding to'the P number of nozzles that may produce a change in density 

» differ between contiguous printing and non-contiguous printing; in the case of contiguous printing, the four ending 
ink nozzles of the head units and, in the case of non-contiguous printing, the first four ink nozzles of ink nozzles 
\ that make' printing! F'or. example, when the endmost ink nozzle 1 of the head unit 233 is set to the* shade level 0, 
that is, makes no printing, the four ink nozzles that may producer change in density are k, j, i, and h. On th 
other hand, when the ink nozzle I makes printing, the four ink nozzles that may produce a change in density are I, k, 
j, and i. , - . 

5 [0108] The embodiment makes a decision of whether an input 16-shade image signal corresponds to the ink 
1 .nozzles in the overlapping zone of the head units 232 and 233 and, if so, distributes that input image signal to the 
head units'232 and 233 so that each of the ink nozzles A through L of the head unit 232 and the corresponding one 
of the ink nozzles I through a of the head unit 233 eject ink to form one dot. Each of the ink nozzles other than 
the overlapping ink nozzles is individually controlled by the image signal as hitherto. > 

, [0109] ; 'FIG. 24. is a block diagram of a control circuit that implements such control. A 16-shade image signal is 
applied tb a correction circuit 71 and a line direction (x) position signal is applied to the position signal 
d cision circuit 42. The position signal decision circuit makes a' decision of whether the input position signal 
' represents the overlapping zone of the head units 232 and 233 and applies a control signal to the correction circuit 
71. . 

[0110] The corr ction circuit 71 is composed, as shown in FIG. 25, of a lookup table (LUT) 711, a first switch 
5 circuit 712 that is. used when no shading control is performed, and a second switch circuit 713 that is used when 
shading control is performed. As shown in FIGS. 26A to 26C, the lookup table 711 comprises three tabl s 711a, 
711b, and 711c which store information representing how an input shade in the range from 0 to 15 is converted to 
an output shade for each of the overlapping ink nozzles of the head units 232 and 233. 
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[0111] The table 711a shown in FIG. 26A is selected when the position in the paper feed direction y that the 
input paper feed direction position signal specifi s is the (3n - 2)nd line (n = 12, 3 ...). that is. when the 

position signal specifies the first line, the fourth ijne, the seventh line The table 711b shown in FIG. 26B 

is s lected when the position in the paper feed direction y that the input paper feed direction position signal 
specifies is the (3n - 1)st line, that is, when the position signal specifies the second line, the fifth line, the 
eiahth line The table 711c shown in FIG. 26C is selected when the position in the paper feed direction y that 
the input f>aper feed direction position signal specifies is 3n-th line, that is, when the position signal specifies 
the third line, the sixth line, the ninth line, .... . . 

r0112] The first switch circuit 712 is of a change-over switch type and controlled by the control signal from 
the position signal decision circuit 42. When the position signal decision circuit 42 decides that the position 
siqnal represents other positions than the overlapping zone, the first switch circuit applies the 16-shade image 
signal to either the first shift register 43 corresponding to the head unit 232 or the second shift register 44 
corresponding to the head unit 233. On the other hand, when the position signal decision circuit decides that the 
position signal represents the overlapping zone, the first switch circuit is placed ,to the. OFF position by the 



control signal. . . . , 

[01131 - The second switch circuit 713 comprises two single-pole single-throw type ganged, switches which are 
simultaneously turned ON or OFF by the control signal from the position signal decision circuit 42. When the 
position signal decision circuit 42 decides that the position signal represents other positions than the overlapping 
zone the second switch circuit is turned OFF. On the other hand, when the position signal decision circuit 42 
decides that the position signal represents the overlapping zone, the second switch circuit is turned ON by thjj 
control signal to thereby apply first and second outputs of the lookup table 711 to the. first and second shift 
registers 43 and 44, respectively. ; 

[01141 The output of the first shift register 43 is applied, to the first driver circuit 45,., which. * in turn, 
drives the head unit 232. The output of the second shift register 44 is applied to the second driver circuit 46, 
which, in turn, drives the head unit 232. . . ■ 

[01151 In such a configuration, suppose that an image signal at the shade level 15 is applied through 20 
successive lines to a total of 20 ink nozzles including and centered at the twelve ink nozzies in the overlapping 
zone of the head units 232 and 233. The 20 ink nozzles are described as the first through twentieth ink nozzles. 
[01161 First on the first line, using the first through the fourth ink nozzle the head unit 232 alone makes 
printing In this case, the first switch circuit 712 isoperated by the control signal from the position signal decision 
circuit 42 to send a 16-shade image signal to the first shift register 43, while the second switch circuit 713 is 
turned OFF. At this time, therefore, the input image signal passes through the correction circuit 71 as it is and 
then enters the first shift register 43. ' ' ' , *u u 

[01171 With respect to the fifth through the sixteenth ink nozzle, the head units 232 and 233 overlap with each 
other in the paper feed direction y, In the overlapping zone, ink ejection from the head unit 232 and ink ejection 
from the head unit 233 are combined to form one dot; thus, the first switch circuits 712 and 713 are turned OFF and 
ON respectively, by the control signal from the position signal- decision circuit 42. In this case, the image signal 
is distributed between the head units 232 and 233 through the use of the lookup table 711. Which of the tabl s 
71 1a 71 1 b and 71 1c to use for distribution is determined by the paper feed direction position signal. . 
[0118] For the first line, the table 711a is selected. In this case, when the 16-shade image signal corresponds 
to the ink nozzles A through D of the head unit 232 and the ink nozzles I through i of the head unit 233. the first 
output for the ink nozzles A through D is applied to the first shift: register 43 as. an image signal at the shad 
level 15, while the second output for the ink nozzles - 1 through i is applied to the second shift . register 44 as an 
image signal at the shade level 0. ' '' : ; - _ - . . . 

[0119] Next when the 16-shade image signal corresponds to the ink nozzle E of the head unit 232 and the inK 
nozzle h of the head unit 233, the first output for the ink nozzle E is applied to the first shift register 43 as an 
image signal at the shade level 14, while the second output for the ink nozzle h is applied to the second , shfft 
reqister 44 as an image signal at the shade level 1. Likewise, when the 16-shade image signal corresponds to the 
ink nozzle F of the head unit 232 and the ink nozzle g of the head unit 233. the first output for. the ink nozzle F 
is applied to the first shift register 43 as an image signal at the shade level 12, while the : :second output for the 
ink nozzle g is applied to the second shift register 44 as an image signal at the shade' level 2. \y - : ^ 

[0120] Likewise, when the 16-shade image signal corresponds to the ink nozzle G of the, head unit 232 and the 
ink nozzle f of the head unit 233, the first output for the ink nozzle G is applied to the first shift register 43 
as an image signal at the shade level. 14. while the second output for the. ink nozzle f is appliecUto the second 
shift register 44 as an image signal at the shade level 1. Likewise, when the 16-shade image signal corresponds ; o 
the ink nozzle H of the head unit 232 and the ink nozzle e of the head unit ^^^^^^ ^nnt^r 
H is applied to the first shift register 43 as an image signal at the shade level 12, while the second, output for 
the ink nozzle e is applied to the second shift register 44 as an image signal at the shade level 2. . 
[0121] - Likewise, when the 16-shade image signal corresponds to the ink nozzle I of the head unit ^232 and the 
ink-nozzle d of the head unit 233, the first output for the ink nozzle I is applied to the first shift register 43 
as an image signal at the shade level 2, whil th second output for the ink nozzle d is applied to the second shift 
register 44 as an image signal at the shade I vel 12. Likewise, when the 16-shade image signal corresponds to the 
ink nozzle J of the head unit 232 and the ink nozzle c of the head unit. 233, the first output for the ink nozzi J 
is appli d to the first shift register 43 as an image signal at the shade level 1, while the second output for the 
ink nozzle c is applied to the second shift register 44 as an image signal at the shade level 14. 

[0122] Likewise, when the 16-shade image signal corresponds to the ink nozzle K of the head unit 232 and tne 
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ink nozzle b of the head unit 233, the first output for the ink nozzle K is applied to the first shift regist r 43 
as an image signal at the shade level 2, while the 1 second output for the ink nozzle b is applied to the s cohd shift 
register 44 as an image signal at the shade level 12. Like wise,. whenthe r 16-shade image signal corresponds to the 
ink nozzle L of the head unit 232 and the ink nozzle a of the head unit 233, the first output for the ink nozzle L 
is applied to the first shift register 43 as an' image signal at the shad level 1, while the second output for the 
ink nozzle a is applied to the second shift register 44 as an image signal at the shade level 14. 

[0123] For the seventeenth through the twentieth ink nozzle, the head unit 233 makes printing by itself. In 
this case, the first switch circuit 712 is switched by the control signal from the position signal decision circuit 
42 to send the 16-shade image signal to the second shift register 44, while the second switch circuit 713 is turned 
OFF. At this time, therefore, the input image signal passes through the correction circuit 71 as it is and then 
enters the second shift register 44. 

[0124] When the image signal for the first line has been fed into the first and second shift registers 43 and 
44 in this manner, the first and second driver circuits 45 and 46 drive the head units 232 and 233, respectively, 
thereby allowing ink to be ejected from each ink nozzle. Of course, since the head units 232 and 233 are offset with 
respect to each other in the y direction, the timing of ink ejection is adjusted so that printing is made as a line. 
Upon termination of printing of the first line, printing of the second line is commenced. 

5 [0125] To print the second line, the table 711b is selected. In this case, when the 16-shade image 
signal corresponds to the ink nozzles A and B of the head unit 232 and the ink nozzles I and k of the head unit 233, 
the first output for the ink nozzles .A and B is applied to the first shift ' register 43 as an image signal at the 
shade level 15, while the second output for the ink nozzles I and k is applied to the second shift register 44 as an 
image signaLat Jhelshade level 0. -Likewise, when the 16=shadeJmage signal-corresponds-to the ink-nozzle -G-of-the- 
head unit 232 and the ink* nozzle j of the head unit 233, the first output for the ink nozzle C is applied to the 

) first shift register 43 as an image signal at the shade level 14, while the second output for the ink nozzle j is 
applied to the second shift register 44 as an image signal at the shade level 2. • *' 

[0126] Likewise, when the 16-shade image signal corresponds to the ink nozzle D of the head unit 232 and the 
ink nozzle i of the head unit 233. the first output for the ink nozzle D is applied to the first shift register 43 
as an image signal at the shade level 12, while the second output .for the ink nozzle i is applied to the second 
shift register 44 as an"image signal at the shade level 2. ^ 

' [0127] ' Likewise, when the 16-shade image signal corresponds to the ink nozzle E of the head unit 232 and the 
ink nozzle h of the head unit 233, the first output for the ink nozzle E is applied to -the first shift register 43 
as an image signal at the shade level 14, while the second output for the ink nozzle h is applied to the second 
shift register 44 as an image signal at the shade level 1. Likewise, when the 16-shade image signal corresponds to 
th ink nozzle F of the head unit 232 and the ink nozzle g of the head unit 233, the first output for the ink nozzle 
g is applied to the first shift register 43 as an image signal at the shade level 12, while the second output for 
the ink nozzle g is applied to the second shift register 44 as an image signal at the shade level 2. 
[0128] Likewise, when the 16-shade image signal corresponds to the ink nozzle G of the head unit 232 and the 
ink nozzle f of the head unit 233, the first output for the ink nozzle G is t applied to the first shift register 43 
as an image signal at the shade level 2, while the* second output for the ink nozzle f is applied to the second shift 
register 44 as an image signal at the shade level 12. . Likewise, when the 16-shade image signal corresponds to the 

i ink nozzle H of the* head unit 232 and the ink nozzle e of the head unit 233, the first output for the ink nozzle H 
is applied to the first shift register 43 as an image signal, at the shade level 1. while the second output for the 
ink nozzle.e is appliedito the second shift register 44 as an image signal at the shade level 14. .. 
[0129]' Likewise, when the 16-shade image signal corresponds to the ink nozzle I of the head unit 232 and the 
ink nozzle d : of the head unit 233, the first output for the ink nozzle I is applied to the first shift register 43 
as an image signal at the shade level 2, while the second output for the ink nozzle d is applied to the second shift 

> register 44 as an image signal at the shade level 12. Likewise, when the . 16-shade : image signal corresponds to the 
ink nozzle J of the head unit 232 and. the ink nozzle c of the head unit 233, the first output for the ink : nozzle J 
is applied to the first shift register 43 as aniimage signal at the shade level 1, while the second output for the 
ink nozzle c is applied to the second shift register .44 as an image signal at the shade level 14. ~ . . 
[0130] Likewise, when the 16-shade image signal corresponds to the ink nozzles K and L of the head unit 232 - 
-and the ink nozzles b and a of the head, unit 233, the first output for the ink nozzles K and L is applied to the 

' first shift register 43 as an image signal at the shade level 0, while the second output for the: ink nozzles b and a 
is applied to the second shift register 44 as an image signal at the shade level .15. . 
[0131] 'For the seventeenth through the twentieth ink. nozzle, the head unit 233 makes- printing by itself. In 
this case; the first switch circuit 712 is switched by the control signal from the position. signaLdecision circuit 
42 to send the 16-shade image signal to the second shift register 44, while the second switch circuit 713 is turned 

, -OFF? At this time, therefore, the input image signal passes through the correction circuit 71 as it is and then 
enters the second shift register 44. - •*"-.'• * ■ 

[0132] When the image signal for the first line has been fed into the first and second shift registers 43 and 
44 in this manner, the first and second driver circuits 45 and 46 drive the head units 232 and 233, respectively, 
thereby allowing ink to be ejected from each ink nozzle. Upon termination of printing of the second line, printing 
of the third lin is commenced. " - " 

5 [0133] To print the third line, the table 711c is selected. In this case, when the- 16Vshade image signal 
corresponds to th ink nozzle A of th head unit 232 and the ink nozzle I of the head unit 233, the first output for 
th ink nozzl A is applied to the first shift register 43 as an image signal at the shade level 14, while the 
second output for the ink nozzle I is applied to the second shift register 44 as an image signal at the shade level 1. 
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[0134] Likewise, when the 16-shade image signal corresponds to the ink nozzle B of the head unit 232 and the 
nk nozzl k of the head unit 233, th first output for the ink nozzle B is applied to .the first shift register 43 
as an image signal at the shade level 12. whil the second output for the ink nozzle k is appli d to , the : second 
shift reaister 44 as an image signal at the shade level 2. Likewise, when the 16-shade imag signal corresponds to 
fhe ink noSrcbfthe head unit 232 and the ink nozzle j of the head unit 233. the first output for the .nk nozzle 
5 C is a P S to the first shift register 43 as an image signal at the shade level 14 while the second output for 
the ink nozzle i is applied to the second shift register 44 as an image signal at the shade level 1 . 
[0135] Likewise, when the 1 6-shade image signal corresponds to the ink nozzle D of the head unit 232 and the 
ink nozzle i of the head Unit 233, the first output for the ink nozzle D is applied to the first shift register 43 
as an image signal at the shade level 12, while the second output for the ink nozzle i is applied to the second 
shift register 44 as an image signal at the shade level 2. Likewise, when the 16-shade .mage signal corresponds o 
10 the Tink^ozzteE of the held unit 232 and the ink nozzle h of the head unit 233. the first output for the .nk nozzle 
E is applied to the first shift register 43 as an image signal at the shade level 2, while the second output for the 
ink nozzle h is applied to the second shift register 44 as an image signal at the shade level 12 
[0136] Likewise, when the 16-shade image signal corresponds to the Jnk nozzle F of t he head unrt 232 and the 
ink nozzle g of the head unit 233, the first output for the ink nozzle F is applied to the first shift register 43 
as an image signal at the shade level 1. while the second output for the ink nozzle g is applied to the second shift 
register 44 as an image signal at the shade level 14. Likewise, when the 16-shade image signal corresponds to the 
nk nozzle G of the head unit 232 and the ink nozzle f of the head unit 233, the firs output for the ink nozzte , G 
is applied to the first shift register 43 as an image signal at the shade level 2. wh.le the second output for the 
ink nozzle f is applied to the second shift register 44 as an image signal at the shade level 12. 
[0137] ' Likewise, when the 16-shade image signal corresponds to the ink nozzle H of the head uruj 1 232 : and the 
nk nozzle e of the head unit 233, the. first output for the. ink nozzle H is applied to the first shift register 43 
as an image signal at the shade level 1. while the second output for the ink nozzle e is apphed to the second shift 
register^ as an image signal at the shade level 14. Likewise, when the 16-shade image signal I corresponds to the 
ink nozztesTthrough L of the head unit 232 and the ink nozzles d through a of the head unit 233. the first . output 
for the ink nozzles I through L is applied to. the first shift register 43 as an image s^nal at tlje shade level 0, 
while the^ secoTd output for the ink nozzles d through a is applied to the second shrft reg.ster 44 as an image 
25 signal at the shade level 15. t_ 

[01381 For the seventeenth through the twentieth ink nozzle, the head unit 233 alone makes printing. In this 
case the first switch circuit 712 is switched by the control signal from the position signal decision circurt 42 to 
send the 16-shade image signal to the second shift register 44, while the second swrtch crcuit 713 is tume d OFF. 
At this time, therefore, the input image signal passes .through the correction circuit 71 as it is and then enters 
the second shift register 44. ' ' ,• . , ,„ A ~ „. 

30 [0139] When the image signal for the third line has been fed into the first and second shift registers 43 and 
44 in this manner, the head units 232 and 233 are driven by the first and second driver circuits 45 and 46. 
respectively, thereby allowing ink to be ejected from each ink nozzle. Upon terminat-on of Printing third 
line printing of the fourth line is commenced. The processing for the fourth line remains unchanged from that for 

35 [Ollof As described above, for the fifth through thesixteenth ink nozzle, the data in the table 71 la^are used 

35 or shade distribution in printing the (3n-2)nd line. The data in the table 71 1b are used for shade distnb* on in 
printing the (3n-1)st line. The data in the table 711a are used for shade distribution in printing the 3n-th Mine. 
The shades to be distributed between the head units by the tables 711a, ^ and 711^ 
previously examined amounts of ejected ink of the respective ink nozzles, FIG. 28 shows the • d f^^,™* 
••••between the. head units 232 arid 233 with respect, to the^ first through twentieth ink nozzles for, the , first through 

40 twentieth lines. . • • - , ' '• ' ' -i. o« o« 

[01 41 1 Such printing control causes the printing density in the overlapping zone of the head units 232 .and 
to varv as shown in FIGS 27A to 27C. That is. as in the third embodiment, the printing density vanes with respect 
to SSiS dSn x in such a way as to increase from dO to d2. then decrease to d2' to cancel out the increase^ 
increase again to d2. and then decrease to d2\ That is, an increase and a decrease in print |"8 J*e^ ajtenw te^so 
that the average density becomes constant. In addition, the change from dO to d2 is smaller than the change from 

45 dO to d1 in the conventional technique shown in FIG. 30. FIG. 27A shows the change in printing^ density on the ^(3n- 
2)nd line. FIG. 27B shows the change in printing density on the (3n-1)st line, and FIG. 27C shows the change in 
printing density on the 3n-th line. . . .. 

[0142] : in addition, the point at which the printing density is increased or decreased is made to vary from i line 
; to SS ie in the pa per = feed direction y perpendicular to the line direction x; thus regularities <n density 

50 in the form oHine thai extend in the paper feed direction become difficult to be recognized by human eyes. As a 
result, the recording quality can be further improved. , lh . h»i y» and 

[0143] Although the reduction of irregularities in density in the overlapping zone of the te^* 23 ?™ 
233 was /described here., it goes without saying that exactly the same image signal processing can be applied to the 
overlapping zone of the head units 231 and 232 to reduce irregularities in density. . ' . wl 

[0144] Although the third embodiment was described as the lookup table comprising three tables selectively 

55 used for the <3n-2)nd lin /, the (3n-1)st line, and the 3n-th line, this is not restrictive. The values in these 
tables are not restrictive, either. . . . fnr 

[0145] Although the embodiments of the present invention hav been described as using I 'nk jet heads tor 
printing various shades by controlling the power application time and thereby varying the volume of ejected ink, 
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this is not restrictive and so-called multidrop types of ink jet heads may b used which eject a plurality of 
drop! ts of ink of the same volum and control the number of the droplets of ink j cted onto paper. In addition, 
the 8-shade printing and th 16-shade printing ar merely exemplary. 

[0146] Moreover, although th embodiments of the present invention have been described as constructing one 
ink ie t head from three head units, th is is not restrictive. Two or mor than thre head units may be used to form 
one ink jet head. 

[0147] Furthermore, although the embodiments of the present invention have been describ ed as reducing 
irregularity in .flcn^lt y "u niting from increased volume of ejected ink from ending ink chambers ot a head unit, 
{he inventive print ingcontrol can readily be can used to make provision for irregularities in density resulting 
from reduced volume of ejected ink from ending ink chambers of a head unit. . 

) • 
Claims 

1. An ink jet recording apparatus characterized by comprising: 

an ink jet head (23) formed from a plurality of head units each having a large number of ink nozzles 
' arranged in a line, the head units being arranged such that they are substantially parallel to one. another 
5 in the direction of arrangement of their ink nozzles and, in the direction in which a recording medium 

moves, every two adjacent head units overlap with each other by a number Q ofJnk nozzles including a 
number P (q > p ^ f ) of ending ink nozzles that may cause a change in printing density; and 

drive means (41 to 46) responsive to an input image signal for driving the ink jet head to cause selectively 
, the ink nozzles to eject ink onto the recording medium for printing while/moving the recording medium in a 

: - direction perpendicular to the line direction in which the ink nozzles of the respective head units are 
arranged, 

the driving means (41 to 46) controlling the ink jet head so that one dot is formed by ink ejection' from 
each ink nozzle of one head unit in the overlapping zone of the adjacent head units and the corresponding 
; one of the other head unit and the ratio in the amount of ejected ink of one to the other of overlapping ink 

nozzles is made variable so that the average printing density in the overlapping zone of the head units 
varies at a fixed rate. V 

2. The ink jet recording apparatus according to claim 1, characterized in that the ratio in the amount of ejected 
' ink of one to the other of overlapping ink nozzles is made variable in the line direction. 

3. The ink jet recording apparatus according to claim 1, characterized in that the amount of ejected ink from the 
: one of the overlapping ink nozzles is smaller as :t is closer to the end of its corresponding head unit. 

4. The ink jet recording apparatus according to claim 1, characterized in that the ratio in the amount of ejected 
' ink of one to the other of overlapping ink nozzles is made variable in the direction perpendicular to the line 

- direction. ' • u •. * ■* : . ~ - 1 - -: * - 

5. The ink jet recording apparatus according .to. claim 1, characterized in that, in the direction perpendicular to 
the line direction, the amount of ejected ink of one of the overlapping ink nozzles .that^ is closer to the end of 
its corresponding head than the other of the overlapping ink nozzles is close tq4he>end of its corresponding 
head unit is varied in the increasing direction over a predetermined number of successive lines, while the 

. amount of ejected ink, of. the other of the overlapping ink nozzles is varied in the. decreasing direction over the 
.. predeterminednumberofsuccessiyelir.es. 

*6.' The InkJet recording, apparatus according to claim 1, characterized in that the drive means includes: 

- A * decision means (42) for deciding whether a line direction position representing signal represents the 

v- overlapping zone of first and second adjacent head units; - • ■ 

a first table (411) for storing first and second output shade levels of overlapping ink nozzles in the 
, . overlapping zone of the first and second head units, the first and second output shade levels being defined 
) : with respect to the line direction for each of shade, levels of the input image signal; 

first and second shift registers (43, 44) connected with the first table when the line direction position 
signal represents the overlapping zone of the first and second head units for .having firsthand second output 
levels corresponding to a shade level of the input image signal set, respectively; from the first table; and 

first and second driver circuits (45. 46) for driving the first and second' head units, respectively, in 
accordance with the first and second output levels set in the first and second shift regist rs. 
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.7. _Jhe ink jet recording apparatus according to claim 6, characterized in that the ratio in the amount of ejected 
ink of one to the other of overlapping ink nozzles is made variable in the line direction. 

8. The ink jet recording apparatus according to claim 6, characterized in that the amount of ejected ink from the 
one of the overlapping ink nozzles is smaller as it is closer to the end of its corresponding head unit (232, 233). 

9. The ink jet recording apparatus according to claim 1, characterized in that the drive means includes: 

decision means (42) for deciding whether a line direction position signal represents the overlapping zone of 
first and second adjacent head units; < 

a second table (511) for storing first and second output shade levels of overlapping ink nozzles in the 
overlapping zone of the first and second head units, the first and second output shade levels being defined 
with respect to the line direction in which the ink nozzles are arranged and the paper, feed direction 
perpendicular to the line direction for each of shade levels of the input image signal; 

first and second shift registers (43, 44) connected with the second table -when the line direction position 
signal represents the overlapping zone of the first and second head units for having first and second output 
• levels corresponding to a shade level of the input image signal set, respectively, from the second table; and 

first and second driver circuits (45, 46) for driving the first and second head units, respectively, in 
accordance with the first and second output levels set in the first and second shift registers., 

10. . The ink jet recording apparatus according to claim 9, characterized in that the ratio in the amount of ejected 
ink of one to the other of overlapping ink nozzles is made variable in the direction perpendicular to the tine 
direction. 

11. - The ink jet recording apparatus according to claim 9, characterized : in that, in the direction perpendicular to 
the line direction, the amount of ejected ink of one of the overlapping ink nozzles that is closer to the end of 
its corresponding head than the other of the overlapping ink nozzlesis close to the end of its corresponding 
head unit is varied in the increasing direction over a predetermined number of successive lines, while the 
amount of ejected ink of the other of the overlapping ink nozzles is varied, in the decreasing direction over the 
predetermined number of successive lines. ' t ; 

12. An ink jet recording apparatus characterized by comprising: 

an ink jet head (23) formed from a plurality of head units each having a, large number. of ink nozzles 
arranged in a line, the head units being arranged such that they are substantially parallel to one another 
in the direction of arrangement of their ink nozzles and; in the direction in which a recording medium 
moves, every two adjacent head units overlap with each other by a number Q of ink nozzles including a 
number P (q > p > ^) of ending ink nozzles that may cause a change in printing density; and 

drive means (41 to 46) responsive to an input image signal for driving the ink jet head to cause selectively 
the ink nozzles to eject ink onto the recording medium for printing while moving the recording medium in a 
direction perpendicular to the line direction in which the ink nozzles of the respective head units are 
arranged, 

the driving means (41 to 46) controlling the ink jet head so that one dot is formed by ink ejection from 
each ink nozzle of one head unit in the overlapping zone of the adjacent head units and ink ejection from 
the corresponding one of the other head unit and the ratio in the amount of ejected ink of one to the other 
of overlapping ink nozzles is made variable so that the average printing density in the overlapping zon of 
the head units is made substantially equal to the average density in the non-overlapping zones. 



13. The ink jet recording apparatus according to claim 12, characterized in that the amounts of ejected ink from 
overlapping ink nozzles in the overlapping zone of the head units are made variable so that their total 
alternates increase and decrease in the line direction. 

14. The ink jet recording apparatus according to claim 12, characterized in that the amounts of ejected ink from 
overlapping ink nozzles in the overlapping zone of the head units are made variable so that their total 
alternates increase and decrease in the line direction, and the first position for the total of amounts of 
ejected ink from overlapping ink nozzles to alternate increase and decrease in the line direction is varied in 
the direction perpendicular to the line direction. 

15. Th ink jet recording apparatus according to claim 12, characterized in that the drive means includes: 
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decision means (42) for deciding whether a line dirction position r pr senting signal represents the 
overlapping zone of first and second adjacent head units; 

a third tabl (611) .for .storing first and second output shade levels" of overlapping ink nozzles in 
the overlapping zone of the first and second head units, the first and second output shade levels being 
defined with respect, to the line direction for each of shade levels of the input image signal; 

first and second shift registers (43, 44) connected with the third table when the line direction position 
signal represents the overlapping zone of the first and second head units for having first and second output 
levels corresponding to a shade level of the input image signal set, respectively, from the third table; and 

first and second driver circuits (45, 46) for driving the first and second head units, respectively, in 
accordance with the first and second output levels set in the first and second shift registers. 



16. The ink jet recording apparatus according to claim 15, characterized in that the shade levels for overlapping 
ink nozzles in the third table are set variable so that their total increase and decrease in the line direction. 

17. The ink jet recording apparatus according to claim 12, characterized in that the drive means includes: 

decision means (42) for deciding whether a line direction position representing signal represents the 
overlapping zone of first and second adjacent head units; 

a fourth table (711) for storing first and second output shade levels of overlapping ink nozzles in the 
overlapping zone of the first and second head units, the first and second output shade levels being defined 
with respect to the line direction in which the ink nozzles are arranged and the paper feed direction 
perpendicular to the line direction for each of shade levels of the input image signal; 

first and second shift registers (43, 44) connected with the fourth table when the line direction position 
signal represents the overlapping zone of the first and second head units for having first and second output 
levels corresponding to a shade level of the input image signal set, respectively, from the fourth table; and 

first and" second driver circuits (45, 46) for driving the first and second head units, respectively, in 
accordance with the first and second output levels set in the first and second shift registers. 



18. The ink jet recording apparatus according to claim 17, characterized in that the shade levels of overlapping 
ink nozzles are set variable so that their total alternates increase and decrease in the line direction, and th 
first position for the total of shade levels of overlapping ink nozzles to alternate increase and decrease in the 
line direction is varied in the direction' perpendicular to the line direction. 
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